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(54) ROLLING BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rolling bearing excellent in corrosion resistance and toughness and also excellent in 
high speed rotational performance. 

SOLUTION: At least inner ring in a bearing ring is formed of titanium alloy, and also a rolling body is formed of ceramics. At 
least either of the inner ring or an outer ring composing the bearing ring is formed of 0 -titanium alloy, and the cold working 
rate of the j3 -titanium alloy is set to 20% or more or 5-20%, and also shot peening treatment is applied to the 0 -titanium 
alloy after cold working. Or, surface hardness Hv is set to 600 or more, and the residual 0 -phase in the $ -titanium alloy is 
set to 30-80% at a volume ratio. 
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miz^f®\z&?Tmmmm&m-riimv$%>ftmtte^ 

ffilSHRC#ffiTLTi§«#©STSS<. 



m%9B ! mmfflT&mmz&mffl\zmfe-r2> tmm&fem 

*LVMftHiUT, #*86©J&8gT«5~l O^rmtcta: 

[0 10 2] 01«***E©»S|{c=tOMig$n?.ttiS 
*mo«jt^ffi*^UA:«itxeiaT**. 
[0 10 3] -r&to^, Sf> /31^>-&MArg 

>-tJ-*X~ (/3 b^>1fX + 1 5 oxz) . «*.tt"8 0 0*C 
-1 0 0 0*0 Ttt*Wbffia*«Ufc«, tftllb c 
c*ifi©*S*^/3fMlffi£U ^1»T?&M1PX*7>* 

2 0XK±K«SLT?&WliPX*lfiL, *M6f&«fl£tt}g 

tt»cj*»"r*. z.z.x. mMffii&i&MJj&tiLxiz. m 
MMT.\zm-tz>i.ik&Mmm-r'<<-T*y h ->x-r 

TTMflD— U >#1Bti&\Z& D^JPXf 

v\, ^©ct5{cL/T?&Minix*JSbfc^, i&S4 0 0~ 
5 50tT5~i oi^iBieftomftfflasjarr. ctuc 

mmzftmrz z\ t&xz, w#xe^m^cDtt±tf 
T.mzmxmt&mz em?-? ztezmmmzm 

[0104] m. ^if^>^a, jiaiLfcj:5{'}^ 

k>> ^mi}\mtim^nrzm^z-hax.m^)i^>^ b 

^-r******fc», i8S^>-&^©4»T?t)iiffiirax 
m^j^y-^-i bifite)&-£ti\z<^0MT-?>&&$: 
mm-? s©*ta*L<, w^i^tt^s^^n^^tc 

«T i - 1 5Mo-5 Z r. Ti-15Mo-5Zr- 

3 A 1 *f©T i -Mo|0 >-&^^ffifflT^>©*^ 

[0105] 3 <Dmm<Dwm) 3 ©uss 

c?WHi4oxafc^3 -y bif—->ifmm^t£^nx^ 

So 

[0 10 6] -T&fr*., *^3©*JSCD^«. M2\Z 
^TJ;5ic. &2<n^M<nKmiimM<»&WX'®mm 

±©^E®$ *WT-6<S*« 0*ftS**Bfi LT^5. 
[0 10 7] d<73i^lC->3.y htf-->y®S^/5Sf 
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[0108] -rttt>?>* ®mtmwmzMtftisTmm& 

jWttiT£. ^LT, WieSMS«. -> 3 <yhfcf-x> 

[0 10 9] l/0>lstt#<&, ±i£©$D<. 3S!^>-& 
[oiio] tzx\ *m 3 coHifiw^ffiTfi, ttRDba 

X*££5~2 OXfc«£LT?frrami&JfiU 

a 2; he-x>y$!ia*arr££fcj:D, 

*§fcfc©T"&£. 

toiii] z<d&? c»rainii©»iffliinxsp* 5 ~ 2 
o %tcis^Lfc©«KT©as{Ccts, 
[0112] -r^to-fe, ?&iffliqi*i6L;fc*^tt&jRi& 

^ rasnxsrSgf t l t ^manmx t> o tsst© «« 

3 y I- fcf-X > ymW&ffi LT fcg?®51£ H v # 6 

sii^Tt^^. — ?&raiax^2 o%£jSx.& 

»^ B*H4© i&TtmW C fc 3 . LfdbT. ***£© 
Jglg-Ctt^ttlX^S: 5 ~ 2 0 % izWtfe bfc. 
[0 113] d©J:5{C!^fflSDX*^5~2 0 %©<S*D 

\z J; 0 SSfclffliiQI** Jfi L fc© t IH^©* ^ftftli* 

j&isSHJifctt-s-s ft* c t £ & o , ^©^©Bt^atc 

W-ffcOTtfrU *H«K:«c» offi©IMBHff a**Jitf LT 
[0 114] £©«fc3KUT#*3©sftfc©JBJBtt, W 

[0115] H3 «#fg 3 ©SfcK©»ffi©3BB«£ii*-r 

[0 116] ->a y hhr-n>^®a»c«7C**®«© 

[0117] L^b^e>, ?&raiito->3 7he- 



->y*5fla(c43^Ttt« mmm^^m^-^^zutx 
#£*>©©, ->3 -y h e-n>^saafcj; o##$nfc 

[0 118] f^T, *&MWVte. H3K:*-r«k3 

k, ^Ma^t'SSvs y Mf-->y*ffla*jarrc 

[0119] ttitt. mmmmtLxe 
»a«©aa /3 0 ffis»£ft7c*a*««LT 0 *g© 

->a h tf-^>^5aa^iSbfe*-&, mgmmizit^ 
T&mtDiiujimfr&wm-rz z -t©«s*/3S! 
>&&\zim\,mmi£mmti$:tt5-Tz>z£&T>im 

[0120] ^smm-c\s.. mmmfo. mwu&mtz 
$ nzmm iz^m l tern* o «ig c t # 

[0121] m4<Dmm<DMffi) ^m<D^4<Dmm 

fl-H©f*l©'>& < £ /3 >-&&T^J5fc$ 

n, fL^?^raiox^2 o xeLkfcKesn, z?>\zm 
&Bm?-*>&&*<DjsmBWW*mit'?3 o~8 ovo 

l%K:s£/g$ftT^-5. 
[0 12 2] S^SA©ii^#TT«. KS#»fCj;0 

i»iii^©^sefc«ffii[d^^$n, «i§*ffr©{£T-r 
***«»-6. zcDfc®, *7->i'?.ffl^<Dfflmmiz& 

*TttjBg©xy5^5T©^**4»*a»j*-e-. ^ntc 

[0123] •laiww^'&w^nsjsa*- 

mm#mzmx Ltzmmz^ Tmm%k<D2amm\zi£m 
w&zizmz®i^<D^yv^M^foiim**&»it 

•*©«*miEJE*©Iy5?«©«Sa*±#U ^^J*^ 
©<g;T t « S ©±# <i: *»^l!!rr * tC^ -^lttX»«t£ 
Cfc<fc*. -T^^^. ^»!«i|sf©*^tt, a«*i»A 
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[0 12 4] <E-LT. /3S^*>&&©»&tt3Se/3ffl 

9mm*m?^£\z£.r). mmoammmmtztz-R 

oWtcWttJU ZltlfCcfclO. (a + /3) 
[0 12 5] T&fc>*-> /314^ 4fcH&/3fB 

r> 51 £ nsftftl; J: o TiilIEEl0i7 ^g^lltt^ 
[0 12 6] b^fc, ^^^^>-&#©«^«. 

[0 12 7] rt^ib. 0M^?>'&&(Dm'§20mZ& 

<ni@^<n&<Dfcmte(Dmm\z£&mMT*>i£m&®m 
\zm&%£MLxfctim*zimiT°g, m\z, imamfe 
ftiscn cm2iDnm^mmo)^ (2) mm tmsm 

*»ifc»* 7 y £ at»^ b \Z < < , JSA b fcjffl»* 

[0 12 8] *l40il0^iTfe, MMftft09 
SHv A*T*fc^;fc:«>. ^2Wg3©H« 

xssrr 

[0129] ea\ S@/3fB> »BlJinx*nRrmj»ia 

[0 13 0] (1) 89041 

Tfc*^»Tt)ttS**0«T*lliaf a©»=3»*W"Tf» 
3BW0ffijP3O volX*W©^HJttg*HiW© 
39MB/5ffl<OJt*««^*"r#. JMHftAbfclMINMfrTT 

0 MS £ b T&KMK * j&qFJE bTFUfa© 



*«T*fcH. bfctfoT, SS0ffiO*atfcT3O~8 

o voi%£-r^i^S^a5^>. 
[0 13 1] (2) ^JflX^T) 
±8535 2 O^MCJgffiTfeSE^fc.fc 5 lc. ?§#{t$!ia& 

izismn-*) >i/mtm<D^mux^m-r \z£ o . 

■€-©«©Wf3affla»C<koT^HlB$HRC-<»3iiai©|6l± 

(Di&Witmm. »miax*?)36«2 o%^±, »sb<« 

3 0 %£U:#ifcS-e*-5. 

[0 13 2] {IU tttt©*«*»«b&lr»»^-tt, ft 

tr-- > tfmm&ffit z. t. ^mz^muaxm v & 5 ~ 

[0133] (3) i^^aia* 
ftmtox.mzteffifenttWMm&mLTmwmfc&ftfc 

5 5 ox:&MzztM&tem»(Dammwm\zmmm-e 

m0mn.mzam<mittmzmmzffimL, e&pr&z 
&±u&tt<Damf)mmisTttwmMz3zm&%i-ro a 

«iafi#pfl^fi<^s. bfc**oT> Bt5asaaias 
«tbT«. 4 5 o~5 o o*CKa9^-r*o**asb^. 

[0 13 4] 

[0 13 5] [^1©*SS« *«ffi8IAtt. 
Jt^Sbfc. 

[0136] *itt*att»M-©»^t, i&mmim 
a^s, ^^kMa*# (x«^A^fr) , Rxfmm 

[0 13 7] 
»1] 
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~Httai^>^, flii^i I «M^^> ( J I S 3 G~ I fc"3V>Ttt^aiflrfMI*JSLfc«;, *Pl^M*7 

a) T*«fes?u «iii*ij~Mfamso«P!*r^«L, o otTHMMiS:iLfc„ 

Tt»*. [0 13 9] SJt, ttillftJ, K. RtXMtCO^Ttt^i 

[0 13 8] ^>dA*«fflbfcWHItA~H ASS 8 5 0-1 0 5 0t:T> SattA^S^ffiL^ SP 

><&<^ffl Lfzwmm i ico^x«. i^ias i 8 o ~ 5 0 o^cdt. mmum 1 ~ 2 r^t*^ 

tft. 8X?HII«ffo^. fit. ttifil|A~Ftt7 3 0 [0 14 0] ifc, «liI<tL«. 3 0t. J)P 
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[0143] £ftfc*rLT3fe»0« 1 Rtf*i£#J 2 (C^ffl 
l/THS <a + /3) m^*>-£:&, Jk&MMW 3 ~ JIM 



[0 14 4] 5 %N a C 1 *jg 

®£fiMU 3 STJOfiflBfettT. HfJie5%NaC 1* 

i§?K^#*»i3iiiA~M{c 1 5 ommmnisTft-otzo * 

LT. *tli»K:*5^S#«liiliA~MOJB<t^riM)!l*l» 

#«iantA~Moa«Efl;*ai«b. i^a 

fcD©JBAa«*J¥mUT»ifi*tt*BMlliUfc. flMB* 
mt, SS-ttmmUfiO. l 3mm/¥OT®S^£^ 

(O) tU 0. 13-1. 3 mm/^OTOi^JI 1 
(A) tU 1. 3mm/fK±(7)S^^^ 

(X) £¥«fi£l,fc. 

[0 14 5] £©£2tf»&9iS)&v&:<fc'5fc, ttiltefcffl 

»s«»h Lfcttfe^j io4~io7d t»-rnt>«»«« 

m&\z^? >&<&zmm Ltzmmm 1 - 6 stwt«« 1 
01-103 it&»i£VMm&tm$tizz.£&n-? 

>£&*mmvizWi?i\zBm3 L ?>-&&Btxs (a + e) 



[0 14 6] *+ilM^tt»KOHTKWrS. 
[0 14 7] H4tt*«f>5Wllttl»l:ftSnt*f75X 

(A-M) iSi 3 N 4 I®ei#tOTLTX7Xh 
SMS 1 £ffl5£T, ISS^»2(c^X7XhS«lSl*a 
PK«l7*|3MES-&TT^60rSeoii»iHfa 

ft. 4«*Mt, 5tt5. 6fct««M8T**. itt, RKtt 

[0 14 8] **sWI»tt»<Oli«*#ttetToaOT* 

[0 14 9] CKRftflO 

: X^X hEEWS (0?OW5 1 3 0 



Ml 
5) 

Hew© He©: : 1 0 0 0 r pm 

m.mm& ■. nokgf 
mmmm ■. s i 3 n 4 

[0 15 0] C®S2ft*69I&;0>tt:.J:3lC. tt^JlO 
1-1 0 7«*4 1 *^L 10 *^J6TM^= cmta. Jttfc 
«101, 10 2ttaS^>^MffifflLTfcO, * 
fzitmm 1 0 3f*W^>*fiMBLT«r»4fc», ±kEL 

feet -5 tciu&w^ . a>®$g $ h r c u&^tztbmm& 

fc, JtCM 1 0 4~JttfeM 10 7H, ^mt>«lii$fti: 
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[0 15 1] zmzttLT, ~3fe&S#J 6 ft 

iffltK:0a!^>**Xtt (a + /3) ffl^* 
JHLfc*^T*0, Si 3 N 4 *6ft5fi!!i»ioa^ 

MS. 

[0152] m2<Dmmwi x\z, jwhhjraw:, & 



ld^l;SUS440C, SUJ2^fflL, ±83*1© 
fflmm (A~M) t&a^frttTJtififcHlltotfcfc* 

[0 15 3] *3tt, tt^tfeftttt©^-^ Rtf 
-?-©S!J«^*5r^-r. 
[0 15 4] 
[S3] 
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tttmi i i~~ittmi i 6frt>m*>frte£.?\z, mm 

M»tLTSUJ2 (XDBR^DAttSM) £&fflb 

mti>L l0 &m\ ZLtl\t. f3?>^i:SUJ2tOffl 
y i;Tl^t¥WC^«C S U J 2 ztzzm 

[0 15 5] Sfc, tttSffiaji l 7~it&mi 1 9««l3l 

»»: oif ^ ^xtttt?^ >sft« l. mmmzs 
u s 4 4 o c Ltzm&-&-?$>z>rf, mmmzmm 

iltlRtfiElMttfcK: S U S 4 4 0 CSrfi&ffl Lfc*-&Ta5 

0, OS: o. *4«-e©«iSJM»*««T-r* 

<fe # S £ £ « . 

[0156] ^ntc*fbx, ^jkw 1 1 ~~mm.&i 1 6 

&£i£/BU *5ft{*:lCSUS4 4 0C*ttfflLfc»^T 
T'©WS#fft«{fiTLT^-5t>©© (*2#fig) . 5^ 



>-&^tt S U S 4 4 0 C t©WKtt«5Mb*W&**© 

[0 15 7] ±ESBi:fttfSfS2©SEMi«j&>&. 
sfsftLT (a + /3) SKtt0a©^>&&£ttfflU 
(E»#:«^ £ L T S i 3 N 4 L fcffl^-fr^BAtt 
*fLT«SOffi^-a:T^0. SfcfeS!;#:lCSUS44 0 
C£&ffl Lfc*^*>/BifcK:J:-3Ttt#+, XfctjfokTT 

■So 

[0 15 8] (fg 3 ©SISSW #iSffl§iA«, # 

«^ >^&t«Pi»*«ffl bxffi-e-e-T 5 sew 
^^©jgKS^^iiib, i?Mi©jBA±#a«r««b 

[0 15 9] «4«^Jg^J2 1, 2 2&tfJt«Wl 3 1 
-it^J 1 3 6 fcgfliLfcSHIttlSWttt, ^#:fb^S 

[0 16 0] 
[«4] 
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2 2 . ifc&0)J 1 3 4 . 1 3 6<Dp\m*8m?-5>> 

■£>&&&mis. nmm2 i . ittmi 3 3, 135^ 

Nftt (o + /3) SI^>-£hk£&fflU ^4(c*TJ;5 
[0161] Sfc. Jtt£#J 1 3 1 & 1 3 2 tt^&MSffi 

[0 16 2] M. ^yMHCDftlfclCOfrvrtt. Wl* 

[0 16 3] 'A\Z. mmM2 l . 2 2RtfJ£tftMl 3 1 

~jtis« 1 3 6 iz^xm 5 iznk-r&mmteffl&m*®. 

JUL, KiSEItel^C45ttS«S-r€?*0^ldi&^rt(6 

12im 13l«, 1 4 3 „ 

[0 16 4] -T&to'fe, *M*1 2S/V>5»£f 1 5fc«. 
^jAtft^lC, Mil 3 SEMEN 1 6(C«-&$-&T«® 
fi-&1±McDffl-&-ti:T>^i73EttS 1 1 £iiSi§[Hl<Kiaifc 
«KS*U (sMEM 1 6 £EPE£1£. /Wv>^l 5fc 

#*an/t«ft«*f i 7 ^fleffl LT^ffe i 2 ©s^^ate 
[0165] laMfewaaToaoT**. 

[0 16 6] CSiigK^] 
7 0 1 3 C) 

ffl&ffi^EEffi* : 1 0 k g f 

mmW-X :^y7l/7fXNBU15 (NOKi? 

0te<ttOiateS: : 1 2 O O 0 r pm 

[0 16 7] 
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[0 16 8] VcMmi 3 ltt, H^csuj 2. ftttic 
SUS4 4 0C. feiMfcfClS i 3 N 4 *ffiffl Lfc*&T?* 

s u s 4 4 o commmttiz?-* >&&<Dm& 

nHS^ftlfeSUJ 2TfftHU S i 3 N 4 £ 

Atfc&Z#Mft£ ^-fnfc S U J 



[0 16 9] Jtttftll 3 3&tfl 3 4(1 »SUJ 
2, rtHfc^>£&. lERrffrKlS i 3 N 4 

/hstr^t, «®asJ:#^t^. inn %mmt 

jS(i:LT-t757?XJ:i9ttg0^:fHSUJ 2 

[0 17 0] ItttMl 3 5RZX1 3 6«. rtH&ZWft 
*v»m*>^>dATf^*b, lblMSi 3 N 4 ^ffi 

«St*4Wl/tl'Jlt©ili^t< ft 
0, *OiB*^©iBflUi#*>:*e<fcS. Lfc^o 

mmmt. s u j 2 <D%mm%i». «t d t»/ha w 

ft&ZWHftS^msUJ 2T^i3LfeltK««Jl 3 2 
*«oT, Jtfe^J 1 3 2 «t 0 «^-*IOS«±#$r^F«lS!l 

[0171] mtc*tLT, mmm2 1^2 211 ^ 

^(C^SAIICDtfM^ttttM 13 1-13 6 fCit^ 

*. 

[0 17 2] dOJ:5k:*SB3 0iaSif!|*»e)We»*»ft.«fc 

[0 17 3] ^1C. *^tti^Att, /3 

S3 1 :? LTCDT i -1 5V-3C r-3Sn- 
3Al*«fflLTn««*iW-*fPilU Argil 
<t». 8 5 OrT^ftMS^SSLfc^ a^rCD 
»MiniI*S7)T?*>oT?&lfflfflBE (»IBHIPX) ^Sfibfc» 
^-LT^-C0^4 5 0 < CT5^8HHR|e!>l«$Ua9«ltU 
Nf«M!ia«©36iiflK S H v * If y * -XtS^ttlTSl^ U 

[0174] 06 ttJ^BJOX* 77 tWitO t* y 

[0 17 5] (Si, «$Hv (t*-y^-X?g$) 

(3) tR-4-J: 3 

[0 1 7 6] Hv= 1 0HRC+3 0 -(3) 



(16) 
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ZtztblzUmiS: (3) J;i)gBSSHvT6 0 0K±5; 
[0 17 7] £©BI6a>S9!6;6>£«k3 

^HI«afflI«©*Bi«SHvi»6 0 0Sl±iit£'}T+ 

^«***-r*«is»»*#*citj&«T#» set;:?* 

ffliraX^ ?7 *« 3 0 5K £U:0»&ttffl S H v ** 6 0 0 W-k 



turn*. 

[oi7 8] &\z. ^mmmAiz, ±ibt i-isv- 

3Cr-3Sn-3A10^If^>^&S«lU ± 

4 5o < co^®t. 5 ~ 5 o mmcomzhmm&ffi 
u *BwaHv*«srr*tftKiJBi©i(BK«fcn9« 

[0179] * 6 «a^r cDftiHirax* ic*rr -5® s H 
v&*iftM^ 10 ®atettx*#i'Tfr>s. 

[0 18 0] 
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d ©£6**691 3 »C, itmmi 4 1~1 4 4« 

ftlHMini* t?£25~80% \ZWtfe LT?&W*PXSrSfi L 



*L l0 ©fiTSiH*bTH*. -Tftfr-fe, Jtt£#Jl4 1 
xitt^ fcft^Tl^o ffi jWfi*fl: l & 0 . ftlMc a ft** 
[0181] ttRftl 1 4 S-VcMM 1 5 1 



[0 18 2] dtliC^LT. JIS60tJ4 l~*MFtJ4 8 
tt» ftRHllIX* 77 *J 2 0 X&LbT* 0 . *>PS8M8Hi 
BSfHTtf 5~7B3IHJ£fi^£»W;SHvj&*6 0 OfiUiS 

[0 18 3] *HffiSAt4»BainiXSp »7 

Sfci!fi8T**T©l38^SI$WT (hr) £©M#«: 

[0 18 4] 
»7] 
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mmmmr^7mm^SL. \mm \ 6 2 Tajftwinn: 
* 7j ** 1 5 % i«nfcje>iiiEi^&ffla«pmT«« 6 
gr&©*f u j&winn:* t? *t 2 o %&±<Dmmm 5 1 
5 4 \m8&vmmimfflTtf4 ~ 5 ism t« 

[0 18 5] [^5©HiS^J] #HiiJIiA«, » 

WiOXSifiU &^X-> 3 7he-->^fflMb7c 

[0 18 6] T&to-fe, jJSf^^tLTT i - 1 
5Mo-5ZrSftfU Arfigt7 5 0tT^ 

<0?&iaHlPX*7jT?t>oT»WEE3aE (»MJPX) *«Sbfc 

h e-->i>*fflSI*«SSrK?&IBIllOXO«.*J6L.fcttlft 
Jt^ft^L/to ffi. »WUnil4s»7tt#0. 5, 10, 1 
5, 2 0, 3 0. 5 0X»C«3£LT**KlftM-*f^«b 

[0 18 7] -> a y h k'-z>^frttOTOlOT^ 

[0 18 8] [-> 3 y hhJ-=:>^ft#] 

is tf :» a 

& g : 4 0 Ottm 
«SHv : 4 2 0 

fix coj:3fcbT^»anfc»^<otti!kJtic» 

L , If y # - 3 »^«t L X^B© c!Hv SrSfl 

[0189] 07d %tfrz>i$&<D<ftmmj:mv izft® 



[0190] z:©E7^e.we*^<c«k5ic, ^PhMpi© 

»IHUlPX*JfiS/i*tn«*B«SHv*«6 0 0£U:(J!)tt 
£ ta*T#&^©K*fU ftlHHinxSHO 

37h tf-^>^©asris-r«^«^raipx* v * 5 % 

£$T*gT$ii:&«^T&oX&a®$S;*Hv;&«6 0 0 

[0 19 1] ;**W«Att, XizELfcT i - 1 5 

Mo- 5 Z r 4 13 If ^ >^$«ffi LTlitl^i© 

WliLX>3 y KfcT-->^»IBKniX*i(5LTlri«: 

[0 19 2] ZLJIX, aaffittJ6*OjBl5£tt, XW&tB 

[0 19 3] CafiSffiMUfi:**!^*^ 
V : Cu-Ka 
7^c;U^ :Ni 
«*m : 4 0 k V 
Wttfiit : 3 0 0 mA 

«. *t>^ISeJttmiO||Jfi0IJt|lI«OK®l« (0 
4) £&JBLTlRl«©*frTfr&ofcj&*. ysyhH- 

[0194] *8tt^ipx^77©s^sa^oaan- 
fc»-r*ft*sis»**jsuxv»4. 

[0 19 5] 
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[0196] \mm i72ii ->a v b \f.-~>v>am 
tt>. ttmmi 7 1 iztk^TmmmtsHvcDMMtmtbz 

Hvli6 0 ORTt^oTWS»cS*$n^^®S$H 

0ij 1 7 2<D^#tC;taATB#^4t!iaf3HC*>>'3 y h 

(r»*t>0!)0!). JfctfcW 1 7 2 Jfr|RHniX*«^<JfiS 
*lTH«CV>fc*. tt§CM$ n^Sffi«$ H v * f 5 

[0 19 7] gcfc, iUft«l 7 4(1 »BHBII*»?««5 
fc, ItHmi 7 5«. ->3 y Ne-n>^fflS>W$3iM& 

[0198] z\n\zMLx. mmm 6 i ~*ss^j 7 o 

«, ?&ratPXJ|SD*5~3 0»K:»SbT»IBHnix*16 

I8SHv^*6 0 0£Lb£&D. Lfr&7j< c f 3 *#L 10 ; fo 
tbt^tJ 1 7 l -itfe^J 1 7 5 ictt^fWIWlciRli-rsc 

[0 19 9] 4*fc. 6 6 7 0 tt. BtSSM 

I**)W4*n. •€-O«8«*4»S»^L 10 ©IrI±*H* 
[0 2 0 0] W. H^J6 4, 6 5,6 9Rtf7 0 tt. 

S5~2 0XC«ei/Ti'3yM;-=>yjBl*«l/ 

2 o%wi:tsLi->3 7 h\d-->>f&M2-r\zm 

QKffcftflO 

IfiieW©(Hiei& : 1 0 0 0 

8it§Mr& :15 0k 



[0201] msnmmm) ^mmmwt, mmm. 

WflBTt3S«/3fflS«3llii«SHvOill«. 

[0 2 0 2] -Tfcfc-fe. iSif^^ttTT i - 1 
5V-3Cr-3Sn-3Al Sr&ffl U Ar #B§C 

t ^mtaxm 77 * 5 o %ics§:5£ LTJWWfflgM 
u •& BtxSMaBt m t t t> o T««Maa *ff v < <* + 

*RtfaiffiSg£ H v ©«lj£*fTfco ft, 
[0203] -ris.t>%. sr. 6 0 X&HMb**- 1 o 

H-*®K»j*SnfciPXJi*iB5 0Atn«fla»3SL. 5fc 

iLTSS0ffi©<W»J*<voIX) SUtmbfc. «. 
@WSB«X^[glWSS^'f X-7 U y *X R AD - 1 1 
I (a^S2) ) 

[0 2 0 4] S®«£Hv«£4Rtf3&5<0*|fi 

hTy*-xtt»ai*ffifflbTa€Lfc. 

[0 2 0 5] H8ttB^ffl3l$IWT£»ej3fflRtf&iIi 

[0206] coH8^6M6d»ft«fc5K:, mm&mm 

< w^t* 0 . »fcn^a«iai«MT*« i i$M*jgA-5 1 
is m<D<*mtt&Mm\zm'pLT^ < mm*. 

[0 2 0 7] — 7j, Bt5aMaB#F B 1Tt^tS®$Hv to 
H«»c*v»T»4. l^«Ma«NFIBlT35«l«flB*ieiaL. a 

[0208] ^tc #gitmBA«. ei 8 (D&mm&miz 

[0 2 0 9] ft. TK+JW^ttKOttHAfrfa^ToaO 

[0 2 10] 

S (0?tf#^5 1 3 0 5) 
r pm 
g f 



g#l<7^fflEg£HRC 
[0 2 11] B9ttB8££tfS4H^gHV£&l*«3S 

[0212] z.<Dm9fre>m*>frte<k5\z. mm&m* 

flcMttT 3 0 vol offlOT»« 

a mmMt l tz o e \z a m*tir m l & &»saji 

vol S6*Sit*«^f4^SS«ia t LTttlB»!a»Kffi^ 

mmmZ H v C t fcT*^**?* L 10 t>«SHfc 

[0 2 13] ^ntC*tLTS@3ffi/5^«Jt-e3 Ovol 
%~8 0vol %<Z)|gffl(CS)S*-&tt. SfJ^ALfcjB 

<i<h&oT6 0 0«±©&ifflKSHv£5ej£Lfcie5V»* 

[0 2 14] ^{C, **ttMHAte/3S3 1 *>-&&£LT 
Ti-15Mo-5Zr, (o + 0) If ^>MtL 
TT i - 6 A 1 - 4V?:ftffll, OWWt$& 

a&a^»$aa) ^rajm* v <nn$fcft 

SfttSU ae/8fflOflcfi|Jt(vol96) , |gffl®$Hv& 

[0215] &9i$z.ne>pm? L ?>&&<D&m0if¥x. 

[0 2 16] 
[*9] 



(19) 

S i 3 N 4 

Fe 3 C»»#:W(l3 0 0 p pm*IA 
7 4~ 1 4 7 (im 
5 2 
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1 8 2tt6 0 0K±O«l«3Hv!jJ»6nSt)©O. 
*4>J(NI»L 10 A«««)TfiV»tt*t!ftofc. Ctltt. Jtfe 
«181 R^tt*E« 1 8 2 »c4si->Ttt. *MJg$S#:tt 




So 

CO 2 1 7] ft, #JtiR0iJl 8 lRtfttmWl 8 2TH 
as 3 ffisWSttl S tiT t ir £ ft « co WWtti U T 

a>fflttffi«>TJIft14fl9!tettH**r'r 
38@/3 4B;W«itT3 0~8 0 vol %©$SHT&-3Tfc 

So 

[0 2 18] Jt^J 1 8 3RtfJ«ftm 8 4(1 

P3f8M&3fflfl»*5 5 0 < C ( >:K<R5£Sfti§*fTV»*fc 

vita^js. 
[0 2 19] Jfc«091 8 5&tfJttt091 8 6B, 

T&S. (at + |3) ffl^^&KiS^Ttt. ^ftffl 

aaoA»T?»<«sftSiia«^;Px>i*-f hffifixtt 

( a + 0 ) ©ziffliflj* <h ft o T?&raiPI*^F nJtl^ffiM 

mmzbmm&mvT b&mmz h v **jMr l 10 

t>tt«|fc<£tr>*>©,!:fcofc. 
[0 2 2 0] ^ftfC*t L/T*S£0iJ 7 1 ~*Jg^J 7 8 tt, 

RfjJMaajafl[**-&*©«a^5aiaflET»*4 7 sv.\z 
ffi^a^^x-fc^wT^o, v^fnt)6oo»±©«i 

«SHvS#-rsi:*K:*4 , **L, 0 t>Jt«M»Hcil:'<T 
JMBWfclSLbLT* D . W£tta*S#3ftmo!ltt!&«iI 
A"f *iB»*frTT» ii Lfctefl* D *ll§£f#S £ t^T 

[0 2 2 1] 

nutrtt&tA^j&sttiiiii:, mum tan 
upmh<nmzmm&mz&mzntzmwfah*mtt 

^^>-&^T^^ftS<h*fC, 61^75-^ 

mmmizmm vtcmenzit^ M-&&w±mizfa±v* 

m*. fc¥aSflfc£©W^©B#aft**fi«W-*»¥ 
ttttSBi&B. ^«W(l«jfi«Mf^ff3i bitted 
£f#S;L<i:a*T#S. 

[0 2 2 2] *MB3B«»c*«/h*<at3«fil©/hS 

\<^#>&&&pmw&\z&m-rz>z.t\z£.y), nmwi 
te38qi*sft-6xfp««t» i jabft:K*«otts*»*c 



^rW¥ll-223221 
[0 2 2 3] $e»tCiOx.T, *«Wtt±«S*r^*-fe7 

iHijg-rs^tfc-c^So 

[0 2 2 4] «liill&«i^-rSrt*ft3Z.tt^*|CD|*| 

©'>&< tt>— #£/3^>£&Tj&£Ljao}ftraimi 

¥r7$r2 0%^±(C^-TS^i:{C<t0, ItNM&rtlc 

[0 2 2 5] j3S^^>^O^WJDX^7?3&«5 
%~2 0 SBfcWgfcSft. ja^«.lffl2nix»K:->3 y h fcf- 

->^a*tjfi$ft-s^t»c«tD, ffat5aii*««i 
*B^*H*£t3i«T?*-6. ssic mmmmmiz^i/a 

y b¥-=.>ymW&MTZ\t\z£K). JSSflBKMSrta* 
tt#Sft4$^«TT©lll£JW&ft±&BI* £ 

So 

[0226] strE/3a^>-&4fe4»oaa3ffi 

jWWttfcTS 0-8 0XC«3£Sft*Ctt«fcD, SiJ 
^ATTCO}H»*frTfcWafii»*ig{r^^$ftSffi« 

T©iH^f ! f : tc43^TfcB^tt(c«ftS.oft^^#T 

[0®CDffi¥^t5oBJ] 

[01] *5S^fc«Sl5A*DttS0SB2©*l60»ffiK 
[0 2] *«WK«SK««r)ttS©»3©||«50»JBK 

[03] mz<Dmm<Dwm<Dm.wm\z&n&mm.?jtik<n 

[04] *+**K»K:«*ftS*4«*#KI»S«©i*o 
a$«ii0T'a5So 

[0 5] i«jileiesS^fc#t$ftSffiiSlElfe^g«co»f 
®0T&So 

[06] |g 4 ©HSS^Ifc:*5ttS^iDX^ 77 tNSSffla 
«©*S£ (Hv) <hCDM«^^t-#140TfeSo 

[07] m 5 (Dmmm^it^muum n tm$mw 

«©«S (Hv) t©W«*^-r«fttH7?**. 

[0 8] ^6©IIS£^J(C*3ttSBt^aBtW<i:5SS/3tS 
R^ifflKS H v ©M{fc£^T*H40T&S. 

[0 9] JB6©HJIS«IKl5»tS3a«/5fflt*+JW.L 1 o 

3 
4 

5 mm# 

1 2 n*i 

1 3 ftiftt 
1 4 ifgiMfc 



i 
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